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CLAIMS 

1 . A bead molding method for molding a hollow bead from 
a highly viscous material that is fluid in the form of a 
stream in a high speed flow region and can retain a shape 
into which it is molded in a low speed flow region; 
comprising: 

a gas stream forming step for forming a gas stream in 
a one direction; 

a material stream forming step for forming a highly 
viscous material stream flowing in the high speed flow 
region within an outer peripheral space about and enclosing 
the gas stream; and 

a bead molding step for molding the hollow bead into 
an irregular shape by reducing the flow speed of the highly 
viscous material stream from the high speed flow to the low 
speed flow while rendering the highly viscous material 
stream fluid within the outer peripheral space about and 
enclosing the gas stream. 

2 . A bead molding method for molding a hollow bead from 
a foamable material for forming a foamed body, comprising: 

a gas stream forming step for forming a gas stream in 
a one direction; 

a material stream forming step for forming a foamable 
material stream flowing in the same direction as the gas 
stream within an outer peripheral space about and enclosing 
the gas stream; and 

a bead molding step for molding the hollow bead into 
an irregular shape by reducing the flow speed of the 



foamable material stream from the high speed flow to the 
low speed flow while fluidizing the foamable material 
stream flowing within the outer peripheral space about and 
enclosing the gas stream. — 



3 . The bead molding method as claimed in claim 1 or 2 , 
wherein the bead mording step molds the hollow bead into a 
shapes corresponding to\and following the shape of the 
applying position by applyikng the work with the hollow bead 
or the foamable material onto\the applying position while 
transferring the streams along the applying position. 



4 . The bead molding method as claimed in claim 3 , 
wherein the hollow bead applied and molded are tackled or 
adhesived to the work by using the highly viscous material 
or the foamable material has an tackinessly or adhesive 
property. 



5. The bead molding method as claimed in any one of 
claims 1 to 4, fukher comprising a discharging device 
including an inner nozzle elongated at a tip portion 
thereof and an outer nozzle elongated about and enclosing 
an outer periphery of tne inner nozzle; wherein: 

the gas stream forming step forms the gas stream in 
the one direction by dis chaining gases from the inner 
nozzle; and 

the material stream forming step forms the highly 
viscous material stream or the foamable material stream in 
the same direction of the gas stream, about and enclosing 
the gas stream by discharging the high\Ly viscous material 
or the foamable material from the outer nozzle. 
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6. The bead molding method as claimed in claim 3 or 4 , 
wherein there is disposed a discharging device including an 
inner nozzle elongated at a tip portion thereof and an 
outer nozzle elongated about and enclosing an outer 
periphery of\the inner nozzle; 

the gas^tream forming step forms the gas stream in 
the one direction by discharging the gases from the inner 
nozzle; \ 

the materiaA stream forming step forms a stream of 
the highly viscous material or the foamable material in the 
same direction of the\ gas stream about and enclosing the 
gas stream by discharging the highly viscous material or 
the foamable material fVom the outer nozzle; and 

the bead molding sttep molds a hollow bead into a 
shape corresponding to and\f ollowing the shape of the 
applying position by discharging the highly viscous 
material stream or the foamable material stream toward the 
work from the inner nozzle andVthe outer nozzle in the 
outer prepheral space of the gas\ stream while transferring 
the nozzles in a locus corresponding to and following the 
shape of the apply ing position. ' _ 

7. A bead molding method for molding a foamed bead into 
a given shape , composed of a foamed body covered with a 
highly viscous material that is fluid in the form of a 
stream in a high speed flow region and retains the shape 
into which it is molded in a low speed flow region, 
comprising : 

a foamable material stream forming step for forming a 
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stream of a foamable material for forming the foamed body 
in a one direction; 

a material stream forming step for forming a stream 
of the highly viscous material in the high speed flow 
region in an outer peripheral space enclosing and about the 
foamable material stream; and 

a foamed bead molding step for molding the foamed 
bead into an irregular shape by foaming the foamable 
material while fluidizing the highly viscous material 
flowing in the outer peripheral space of the foamable 
material stream and reducing the high speed flow of the 
foamable material stream to the low speed flow thereof. 
8 . The bead molding method as claimed in claim 7 , 



*jj wherein the foamed bead molding step molds the foamed bead 



into the given shape by following the shape of the applying 
P p ositi on while transferring the foamable material stream 
and the highly viscous material stream along the shape of 
the applying position while applying the work with the 
foamable material and the highly viscous material. 
9 . The bead molding method as claimed in claim 8 , 
wherein the highly viscous material has an tackinessly or 
adhesive property and the foamed bead applied and molded 
are tackled or adhesived to the work. 



t> 



^jfi A 10. The bead nrt*lding method as claimed in any one of 

claims 7 to 9 , wherfein : 

there is disposed a discharging device including an 
inner nozzle elongated a\ its tip and an outer nozzle 
elongated about and enclosing an outer periphery of the 



inner ^nozzle; 

tfVe foamable material stream forming step forms the 
f oamable material stream in the one direction by 
discharging^ the foamable material stream from the inner 
nozzle; and \ 

the mateVial stream forming step forms the highly 
viscous material^ stream in the same direction of the 
foamable ma terial\ stream and about and enclosing the 
foamable material stream by discharging the highly viscous 
material stream fromVthe outer nozzle. 

11. The bead moldingv method as claimed in claim 8 or 9 , 
wherein : \ 

there is disposed a\ discharging device including an 
inner nozzle elongated at Vts tip and an outer nozzle 
elongated about and enclosing an outer periphery of the 
inner nozzle; \ 

the foamable material stream forming step forms the 
foamable material stream in theVone direction by 
discharging the foamable material stream from the inner 
nozzle; \ 

the material stream forming sxep forms the highly 
viscous material stream in the same direction of the 
foamable material stream by discharging the highly viscous 
material stream from the outer nozzle; and 

the bead molding step molds the foamed bead in a 
given shape following the shape of the applying position 
while transferring the inner nozzle and the\ outer nozzle 
along a predetermined locus following the work by 



discharging \:he f oamable material stream and the highly 
viscous material stream onto the applying position from the 
inner nozzle andVthe outer nozzle, respectively. 
12. The bead molding method as claimed in claim 6 or 11, 
wherein : 

the discharging ^evice is mounted on a manipulator 
disposed to be transferable to a desired position in 
response to a control sighal; and 

the bead molding stepy for applying and molding the 
hollow bead or the foamed bea£ automatically on the 
applying position of a pluralitV of work members being 
carried one after another on a manufacturing line by 
controlling a movement of the discharging device by means 
of the manipulator . 



13. The bead molding method as claimed in claim 12, 
wherein an actual applying position of the bead applied by 
the discharging device is detected and the manipulator is 
controlled so as to substantially bring the actual applying 
position thereof into agreement with a predetermined target 
applying position. 



14. The bead moving method as claimed in claim 12 or 13, 
herein it is decide^ to automatically determine whether 

the bead is applied ano\molded in a favorable fashion by 
desired picking up an ima^e of the bead applied and molded 
on the applying position an o\ c omp ar i n g the picked- up image 
of the bead with a reference ih\age of a bead applied and 
molded in a predetermined favoraoie fashion. 

15. The bead molding method as claimed in any one of 
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claims 12 to 14, x v^erein the work member comprises an 
opening and closing member for closing a predetermined 
open ing thereof. \ 

16. The bead molding method as claimed in claim 15, 
wherein the applying positon comprises a site disposed 
along and nearby an edge portion of the opening and closing 
member, and the hollow bead or the foamed bead applied and 
molded on the applying position forms a sealing section 
that seals a gap between the opening and the opening and 
closing member. 

17. A bead molding apparatus for molding a hollow bead 
comprising: 

a discharging device including an inner nozzle 
disposed extending at a tip portion, an outer nozzle 
disposed extending about and enclosing an outer periphery 
of the inner nozzle, a first inlet connecting with the 
inner nozzle, and a second inlet connecting with the outer 
nozzle; 

a gases feed unit for feeding gases to the 
discharging device through the first inlet; and 

a material feed unit for feeding a highly viscous 
material or a foamable material to the discharging device 
through the second inlet, the highly viscous material being 
fluid in the form of a stream in a high speed flow region 
and capable of retaining a shape into which it is molded in 
a low speed flow region. 

18 . A bead molding apparatus for molding foamed bead 
comprising: 
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a discharging device including an inner nozzle 
disposed extending at a tip portion, an outer nozzle 
disposed extending about and enclosing an outer periphery 
of the inner nozzle, a first inlet connecting with the 
inner nozzle, and a second inlet connecting with the outer 
nozzle; 

a foamable material feed unit for feeding a foamable 
material to the discharging device through the first inlet; 
and 

a material feed unit for feeding a highly viscous 
material to the discharging device through the second inlet, 
the highly viscous material being fluid in the form of a 
stream in a high speed flow region and capable of retaining 
a shape into which it is molded in a low speed flow region. 

19. The bead molding apparatus as claimed in claim 18, 
wherein the foamable material feed unit feeds a mixture of 
the gases with the highly viscous material as the foamable 
material . 

20. The bead molding apparatus as claimed in claim 19, 
wherein the foamable material feed unit comprises : 

a plurality of piston pumps arranged so as to perform 
an suction stroke and a extrusion stroke by reciprocally 
moving a piston in a cylinder; 

a gases injection unit for supplying gases under a 
predetermined pressure into the cylinder; and 

a formable material supplying unit for a pump control 
unit for controlling the plurality of the piston pumps in 
such a manner that each of the plurality of the piston 
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pumps is arranged to conduct the suction stroke for feeding 
gases and with the highly viscous material after the 
suction stroke and to conduct the extrusion stroke for 
discharging the mixture of the gases with the highly 
viscous material as the foamable material as well as that a 
time difference is provided for the extrusion stroke of 
each of the plurality of the piston pumps so as to 
continually discharge a predetermined quantity of the 
foamable material. 

21. The bead molding apparatus as claimed in claim 20, 
wherein the foamable material feed unit further comprises a 
tubular path for dispersing minute bubbles of gases 
disposed i n a discharge path of each pisto m.ump-. 

22. The b&ad molding apparatus as claimed in any one of 
claims 17 to \l , wherein the discharging device is arranged 
so as for each of the inner nozzle and the outer nozzle to 
change an inner dimension of its inner wall into a smaller 
size over a region extending from an end portion of 
connection with a bod\ of the discharging device to a tip 
portion thereof having \ defined inner dimension. 

23. The bead molding apparatus as claimed in any one of 
claims 17 to 22, wherein an\outer wall portion of each of 
the inner nozzle and the outek nozzle containing an edge 
section at the top thereof has m inclining surface joining 
at an acute angle to the directiok of the flow of the 
highly viscous material stream or the foamable material 
stream. \ 

24. The bead molding apparatus as claimed in any one of 
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claims 17 to 23,\wherein the inner nozzle and the outer 
nozzle are provided^ respectively , with a first control 
valve for controllingN^he opening and closing of a path 
reaching the inner nozzle\from the first inlet and a second 
control valve for controlling, the opening and closing of a 

path reaching th e outer nozz le\rom the second inlet. 

■ — ■■ 1 " ' i ., „. ,. , , — . — 

25. The bead molding apparatus as claimed in claim 24, 
wherein the discharging device is capable of being hand- 
carried; and each of the first control valve and the second 
control valve is capable of being opened and closed by a 
manual on-off operation. 

26. The bead molding apparatus as claimed in claim 24, 
wherein each of the first control valve and the second 
control valve is capable of being opened and closed 
automatically in response to an control signal. 

27. The bead molding apparatus as claimed in claim 26, 
further comprising: 

a manipulator mounted on the discharging device at a 
top portion thereof and disposed so as to be movable to a 
desired position in response to a control signal; and 

a control unit for automatically controlling the 
movement of the manipulator and the discharging of the 
discharging device in accordance with a predetermined 
program. 

28. The bead molding apparatus as claimed in claim 27, 
wherein the control unit automatically controls the 
movement of the manipulator and the discharge of the 
discharging device so as to automatically apply and mold 
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the hollow bead or the foamed bead on a applying position 
of each of a plurality of work being carried on a 
manufacturing line one after another. 

29. The bead molding apparatus as claimed in claim 28, 
further comprising a detection unit for detecting an actual 
applying position of work the bead by the discharging 
device ; 

wherein the control unit controls the manipulator so 
as to bring the actual applying position detected thereby 
substantially into agreement with a predetermined target 
applying position of work. 

30. The bead molding apparatus as claimed in claim 29, 
further comprising an image pick-up unit for picking up an 
image of the bead applied and molded on the applying 
position, 

wherein the control unit automatically decides to 
determine whether the bead is applied and applied thereon 
in a favorable fashion by comparing the image of the bead 
picked-up by the image pick-up unit with a pre-stored 
reference image of the bead applied and molded in a 
favorable fashion. 

31. A bead molding method for molding a hollow bead from 
a hot melt material that is fluid in the form of a stream 
in a middle -high temperature region and can retain a shape 
into which the hollow bead are molded in a middle- low 
temperature region; 

a gas stream forming step for forming a gas stream 
flowing in a one direction; 



a material stream forming step for forming a hot melt 
material stream in the middle-high temperature region 
within an outer peripheral space about and outside so as to 
enclose the gas stream; and 

a bead molding step for molding the hollow bead into 
an irregular shape by lowering the middle -high temperature 
of the hot melt material to the middle -low temperature 
while fluidizing the hot melt material flowing in the outer 
p peripheral space about the gas stream. 

32. A bead molding method for molding a hollow bead from 
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a foamable hot melt material for forming a foamed body, 
comprising: 

a gases stream forming step for forming a gas stream 
in a one direction; 
M a material stream forming step for forming a stream 

0 of the foamable hot melt material in the direction 

identical to the direction of the gas stream within an 
outer peripheral space about and enclosing the flow of the 
gas stream; and 

a bead molding step for molding the hollow bead into 
an irregular shape by foaming the foamable hot melt 
material flowing within the outer peripheral space of the 
gas stream. 



S^/j V^33. The bead*W>lding method as claimed in claim 31 or 32, 
^ ' wherein the bead molding step molds the hollow bead into a 
shape corresponding ro and following the shape of a 
applying position by transferring the hot melt material 
stream or the foamable hot\melt material stream along the 
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applying position while applying the work with the hot melt 
mat erial or the foamable turn melt material . 

34. The bead molding method as claimed in claim 33, 
wherein: 

there is disposed a discharging device including an 
inner nozzle elongated at a tip portion thereof and an 
outer nozzle elongated about and enclosing an outer 
periphery of the inner nozzle; 

the gases stream forming step forms the gas stream in 
a one direction by discharging gases from the inner nozzle; 

the material stream forming step forms the hot melt 
material stream or the foamable hot melt material stream in 
the same direction as the gas stream by discharging the hot 
melt material or the foamable hot melt material from the 
outer nozzle; and 

the bead molding step forms the hollow bead into the 
shape corresponding to and following the shape of the 
applying position by transferring the hot melt material 
stream or the foamable hot melt material stream along a 
predetermined locus while discharging the gas stream from 
the inner nozzle and the material stream from the outer 
nozzle toward the work. 

35 . A bead molding method for molding a foamed bead 
comprised of a foamed body covered with a hot melt material 
that is fluid in the form of a stream in a middle -high 
temperature region and can retain the shape into which it 
is molded in a middle- low temperature region; comprising: 

a foamable stream forming step for forming a stream 
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of a foamable hot melt material for forming the foamed 
body; 

a material stream forming step for forming a stream 
of the hot melt material flowing in the middle-high 
temperature region within an outer peripheral space the 
foamable hot melt material stream about and enclosing the 
foamable hot melt material stream; and 

a bead-molding step for molding the foamed bead into 
an irregular shape by reducing the middle -high temperature 
region to the middle-low temperature region while 
fluidizing the hot melt material stream flowing within the 
outer peripheral side outside and about the foamable hot 
melt material stream. 

36. The bead molding method as claimed in claim 35, 
wherein the bead-molding step molds the foamed bead into a 
shape corresponding to and following the shape of the 
applying position by transferring the foamable hot melt 
material stream and the hot melt material stream along the 
applying position while applying the work with the foamable 
hot melt material and the hot melt material. 




37. \The bead molding method as claimed in claim 35 or 36, 
erein\ 

theresis disposed a discharging device including an 
inner nozzle elongated at a tip portion thereof and an 
outer nozzle elongated enclosing an outer periphery of the 
inner nozzle; 

the foamable material stream forming step forms the 
foamable hot melt material stream in the one direction by 
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discharging the^foamable hot melt material from the inner 
nozzle; and 

the material stream forming step forms the hot melt 
material stream in the direction equal to the direction of 
the foamable hot melt material stream and enclosing the 
foamable hot melt material by discharging the hot melt 

material from the outer n ozzle- a 

38. The bead molding method as claimed in claim 36, 
wherein : 

there is disposed a discharging device including an 
inner nozzle elongated at a tip portion thereof and an 
outer nozzle elongated enclosing an outer periphery of the 
inner nozzle; 

the foamable material stream forming step forms the 
foamable hot melt material stream in the one direction by 
discharging the foamable hot melt material from the inner 
nozzle; 

the material stream forming step forms the hot melt 
material stream in the same direction as the direction of 
the foamable hot melt material stream and enclosing the 
formable not melt material by discharging the hot melt 
material from the outer nozzle; and 

the bead molding step for molding a foamed bead into 
a shape corresponding to and following the shape of the 
applying position by transferring the material stream along 
a given position while discharging the foamable hot melt 
material and the hot melt material from the inner nozzle 
and the outer nozzle, respectively. 



The \ead molding method as claimed in claim 37 or 38, 
wherein : 

the discharging device is mounted on a manipulator 
disposed to be movafc^le to a desired position in response to 
a control signal; and 

the bead molding st^ep applies and molds the hollow 
bead or the foamed bead automatically on the applying 
position of a plurality of workNnembers being carried on a 
manufacturing line one after another by controlling the 
movement of the discharging device by\neans of the 



^ manipulator . 



V' 40. A bead forming apparatus for forming a hollow bead 



^ comprising: 

Ul a discharging device including an inner nozzle 

HO elongated at a tip portion thereof, an outer nozzle 

P 

elongated about and enclosing an outer periphery of the 
inner nozzle, a first inlet connecting with the inner 
nozzle, and a second inlet connecting with the outer 
nozzle ; 

a gases feed unit for feeding gases to the 
discharging device through the first inlet; and 

a material feed unit for feeding a hot melt material 
or a foamable hot melt material to the discharging device 
through the second inlet, the hot melt material being fluid 
in the form of a stream in a middle -high temperature region 
and can retain the shape into which the material is molded 
in a middle -low temperature region. 

41. A bead forming apparatus for forming a foamed bead 
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comprising : 

a discharging device including an inner nozzle 
elongated at a tip portion thereof, an outer nozzle 
elongated about and enclosing an outer periphery of the 
inner nozzle, a first inlet connecting with the inner 
nozzle, and a second inlet connecting with the outer 
nozzle; 

a first material feed unit for feeding a foamable hot 
melt material to the discharging device through the first 
inlet; and 

a second material feed unit for feeding a hot melt 
material to the discharging device through the second inlet , 
the hot melt material being fluid in the form of a stream 
in a middle -high temperature region and can retain the 
shape into which the material is molded in a middle -low 
temperature region. 

42. The bead molding apparatus as claimed in claim 41, 
wherein the first material feed unit feeds a mixture of the 
gases with the hot melt material as the foamable hot melt 
material . 
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